Abstract: Magainin peptides originally identified from Xenopus laevis have cytotoxic effects against a range of prokaryotic organisms without harmful effects on higher eukaryotes. The mechanism of cytotoxicity of the peptides is by disruption of membranes, which causes osmolysis. Magainin peptides are known to inhibit the in vitro growth of many phytopathogens including Erwinia carotovora, the causative agent of soft rot disease in potato. A synthetic gene was constructed based on the antimicrobial peptide magainin II. The coding sequence for the modified magainin II, magaininD, was constructed using potato codon preference. Modifications included a point mutation previously shown to reduce proteolytic cleavage, and three substitutions known to increase activity of the peptide against prokaryotic organisms. Agrobacteriummediated transformation was used to generate transgenic potato plants. Each line was tested for expression of the transgene at RNA and protein levels using RT-PCR and western analyses. Lines were identified that expressed both RNA and protein of the magaininD transgene. Field trials with the transgenic magaininD potato plants were conducted over three seasons, and harvested tubers were evaluated in bioassays for resistance to Erwinia carotovora ssp. atroseptica. Results from bioassays identified potato lines with significantly improved resistance to soft rot compared with control lines. The same lines were determined to have higher levels of expression of the transgene-derived peptide. The result demonstrated that the design, construction and transformation of a synthetic antimicrobial magainin gene was a successful strategy in introducing a novel form of disease resistance in potato plants.
INTRODUCTION
Bacterial diseases pose a significant threat to many crop species [1, 2] . Despite the use of different crop protection measures including the use of agrochemicals, bacterial diseases in most cases are still able to cause serious damage to crop plants [3, 4] . The bacterial diseases of potato (Solanum tuberosum L.) known as "blackleg" and "soft rot" are caused by Erwinia carotovora. Blackleg commonly induces a black rot of the stem base and generally develops well after emergence [5] . Symptoms of soft rot are diverse, ranging from rot of the tubers, stem and leaves to stunting, wilting and desiccation of the plant and vascular browning [6] . Some difference in susceptibility to soft rot exists in potato cultivars according to cell wall content [7] , but no potato genotype is known to be completely immune to the disease caused by soft rot bacteria. Traditional plant breeding for resistance to soft rot in potato has therefore been hampered through lack of appropriate resistant germplasm [1, 8] .
The introduction of improved microbial disease resistance has been reported in transgenic plants expressing different antimicrobial peptides [e.g. [9] [10] [11] [12] [13] [14] . One such peptide, magainin II from Xenopus laevis (African clawed frog) [15] has important properties for the engineering of transgenic *Address correspondence to this author at the New Zealand Institute for Plant & Food Research Ltd, Private Bag 4704, Christchurch, New Zealand; E-mail: BarrellP@crop.cri.nz plants. Magainin peptides kill bacteria faster than the doubling time of many bacteria, which means peptide antibiotics may not face the rapid emergence of resistance in bacterial populations [16] .
A general feature of antimicrobial peptides, including magainin peptides, is their broad range of activity against a number of phytopathogens, including fungi [17, 18] . The peptides have activity against the bacterial agents causing common scab (Streptomyces scabies), blackleg and tuber soft rot diseases of potato (E. carotovora) [19] . Alan and Earle [20] also investigated the efficacy of magainin II and a derivative of magainin II (MSI-99) against a range of bacteria (including E. caratovora) and fungi and found the peptides to be effective in killing the pathogens at similar concentrations.
Magainin peptides did not appear to be toxic to in vitro plant tissue [19] . No evidence for toxicity was observed toward potato cultivar Iwa on exposure to synthetic magainin I, magainin II and magainin II amide peptides at 37.5 μg/mL, a concentration anticipated to accumulate from transgenederived expression in plant tissue [19] . DeGray et al. [14] expressed an analogue of magainin II (MSI-99) in the chloroplast genome of tobacco, and found no adverse effect on plant growth and development.
The mechanisms of action of magainin peptides are well studied [21, 22] . Importantly, magainin peptides are selectively toxic to microbes and not mammalian tissue. Magainin II does not lyse human erythrocytes [15] , and was non-toxic when expressed as part of a haemoglobin gene in transgenic mice [23] . Magainin expressed as transgene-derived proteins would be expected to be highly labile and degraded rapidly after ingestion by higher eukaryotes, or in the soil environment, leaving no toxic residues [24] . Therefore, the production of these peptides in potato tissues is unlikely to pose a risk to human or animal health on ingestion.
Bacteria spread and multiply in the intercellular spaces when initiating disease infection of plants [25] . If a synthetic magainin gene could be synthesised with a signal sequence that directed the export of translated peptides into the intercellular space, the peptides could potentially kill microbes prior to entry into the cytoplasm and therefore be effective against bacterial cells.
Magainin peptides and derivatives have been reported to enhance resistance to phytopathogens in transgenic tobacco [13, 14] , tomato [26] , and banana [27] . However, none of those reports provided data on the detection of the expressed transgene-derived peptide.
We transformed potato with a synthetic gene encoding an analogue of magainin II, magaininD. The amino acid sequence of magaininD differed to magainin II with the incorporation of a His residue to Arg substitution, which was reported to increase the peptide's stability against protease cleavage [28] . Three Ala substitutions were also included that have been reported to result in increased antimicrobial activity of the peptide [29] . The coding sequence of magaininD was ligated into a chimeric expression construct directing export of the translated peptide into the intercellular space. We were able to detect the expression of the gene at the RNA level by RT-PCR, and provide the first report of detection of the expression of a transgenic magainin peptide from plants by western analysis. Three consecutive years of pathogen assays of field-grown transgenic potato tubers identified lines with improved resistance to Erwinia carotovora, and western analyses showed high levels of expression of the magaininD peptide in these resistant lines.
MATERIALS AND METHODS

Vector Construction
The magaininD amino acid sequence was modified from the published magainin II sequence [15] such that His 7 , Ser 8 , Gly 13 and Gly 18 were modified to Arg, Ala, Ala and Ala respectively. Four separate but complementary and overlapping primers were used to construct the magainin DNA coding region. To increase the likelihood of translation, and make the genes "potato-like", the nucleotide sequence of the magainin gene was designed according to potato codon preference as described by Liew [30] . The primers were designed to incorporate a SphI site at the 5' end and a BamHI site at the 3' end of the coding region, as follows: Primer 1: 5' ggggcatgccggaatcggaaaatttttgcgtgcagctaaaaagtttg 3'; Primer 2: 5'caaaagcatttgttgcagaaattatgaactcataggatcccc 3'; Primer 3: 5' cccgtacggccttagccttttaaaaacgcacgtcgatttt 3'; Primer 4: 5' tcaaacgttttcgtaaacaacgtctttaatacttgagtatcctagggg 3'. Primers 1 and 3, and primers 2 and 4, were annealed; then both sets were ligated prior to digestion with Sph I and Bam HI. The digested fragment was ligated into the sequencing vector pUC-18. The magainin coding region was then ligated into a chimeric gene including promoter, leader sequence and export peptide, and terminator which was derived from pMOG18 [31] . The resulting chimeric gene contains a duplicated CaMV 35S promoter [32] which directs high level constitutive gene expression in plants; an untranslated leader sequence from the coat protein gene of alfalfa mosaic virus (AMV), which has been shown to enhance translation [33] ; and the signal sequence from tobacco pathogenesis related (PRS) gene [34] , which directs export of proteins into the intercellular space after translation. Finally, a nopaline synthase terminator region exists 3' to the above sequences for termination of transcription (Fig. 1) . After confirmation of sequence integrity, the chimeric magaininD gene ( Fig. 1) was then ligated into the binary vector pBINPLUS [35] . The resulting binary vector was transferred to Agrobacterium as described by Höfgen and Willmitzer [36] .
Tissue Culture and Transformation
Virus-free potato cultivar Iwa was transformed with A. tumefaciens disarmed strain EHA105 [37] harbouring the binary vector pBINMgD according to Barrell et al. [38] . After cell colony initiation and shoot regeneration, one shoot was picked from each individual regenerating colony. Each shoot was multiplied in a separate container on potato multiplication medium (containing the salts and vitamins of Murashige and Skoog [39] plus 40 mg/L ascorbic acid, 500 mg/L casein hydrolysate, 30 g/L sucrose, 6 g/L agar, and 100 mg/L Timentin). Shoots were subsequently subcultured onto the same medium with 50-100 mg/L kanamycin. Plants were maintained on potato multiplication medium containing 100 mg/L Timentin.
Southern Blot Analysis
Southern blot analysis was carried out essentially according to Sambrook et al. [40] . DNA was digested with EcoRI, which cuts once within the binary vector. Membranes were probed with the 1.4 Kb EcoRI-HinDIII fragment of pBINMgD that contained the chimeric magainin gene.
RT-PCR Analysis
PCR primers were designed to bind to the 5' region of the PRS sequence, and to the 5' region of the NOS terminator. Primer sequences were as follows: MgRNA F 5' atgaacttcctcaagagcttc 3'; MgRNA R 5' gccaaatgtttgaacgatcgg 
Western Analysis
Protein extraction: Samples of in vitro potato leaves (100 mg) were transferred to a 1.5 mL microfuge tube before being ground in buffer comprising 0.1 mL of 0.2 M NaOAc pH 4.0, 0.2% SDS, 10 mM EDTA, 1 mM PMSF, plus one mini protease inhibitor tablet (Roche Diagnostics) per 10 mL. The slurry was centrifuged at 12 000 X g for 5 min at 4 o C, and 120 μL of the supernatant transferred to a fresh tube. To maximise the amount of protein able to be loaded on the gel, and therefore to maximise the likelihood of detecting the transgenic peptide, the tube was placed in a rotary vacuum evaporator until the volume had approximately halved. Control samples included non-transformed potato cultivar Iwa; and Iwa spiked with (Ala 8, 13, 18)-magainin II amide (Sigma, MO, USA), a peptide one amino acid different to the predicted translated magaininD amino acid sequence.
Sample preparation prior to electrophoresis: Prior to denaturation in a heat block at 95 o C for 5 min, 0.167 volumes of 6 X SDS loading buffer (0.35 M Tris pH 6.8; 10.28% SDS; 36% glycerol; 5% -mercaptoethanol, 0.012% bromophenol blue) was added to each sample. The samples were centrifuged at 12 000 X g for 10 min. The pH of the samples was adjusted from 4.0 back toward neutrality by the addition of Tris crystals to each sample until the bromophenol blue in the loading buffer had regained a blue colour. Aliquots of ten or 20 μL of the final supernatant were electrophoresed on duplicate SDS-PAGE 10-20% gradient tris-tricine 'Ready Gels' (Bio-Rad). Running buffer comprised 100 mM Tris, 100 mM tricine, 0.1% SDS. Samples were electrophoresed at 70 V. One gel was stained with Coomassie Brilliant Blue G-250, and protein in the other gel transferred to PVDF.
Western blot procedure: After electrophoresis, gels to be transferred to PVDF were soaked in transfer buffer comprising 25 mM Tris, 192 mM glycine and 20% methanol, for a maximum of 10 min prior to transfer. Protein was transferred to Sequi-Blot PVDF (Bio-Rad) pre-wet in 100% methanol, using a Mini Trans-Blot Transfer Cell (Bio-Rad) in transfer buffer pre-cooled to 4 o C. 100 V was applied for 50 min.
After transfer, membranes were blocked in 1 X Trisbuffered saline (TBS) containing 5% non-fat dried milk powder (NFDMP) for 1 h with gentle shaking at room temperature or overnight at 4 o C. All subsequent steps were performed at room temperature. Membranes were washed for 3 X 10 min in TTBS (TBS containing 0.1 % Tween 20) before exposure to the primary anti-magaininD antibody [41] in a solution of TTBS containing 1% NFDMP, for 1-1.5 h with gentle shaking. Excess primary antibody was washed from the blot with three washes, each of 10 min in TTBS. The biotinylated secondary antibody was applied in a solution of TTBS also containing biotinylated alkaline phosphatase and streptavidin (Bio-Rad) for 1 h with gentle shaking. Excess secondary antibody/streptavidin/alkaline phosphatase solution was removed with three further washes in TTBS of 10 min each. Colour was developed using 5-Bromo-4-chloro-3-indolyl phosphate/Nitro blue tetrazolium (BCIP/NBT tablets, Sigma) according to the manufacturer's instructions.
Field Trial Design
Control and transgenic tubers were produced in the field from virus-free in vitro plantlets. Each transgenic line was clonally multiplied via micropropagation, transferred to a containment greenhouse and hardened-off using standard procedures [42] . The resulting plants were used for establishing field trials over three consecutive southern hemisphere summers Plots of these transgenic lines were interspersed with plots of the appropriate non-transgenic controls. Control lines included: A206, a somatic hybrid between Solanum brevidens and potato, which has high levels of resistance to soft rot disease; the potato genotype CR4#2, highly susceptible to soft rot (and also the potato genotype used to create the somatic hybrid line A206) [43] ; and lines SI20d and DG1a for the 2000/01 and 2002/03 field seasons respectively, which were cultivar Iwa transgenic for a cry9Aa2 gene [44] and used as vector controls. The experimental plots were completely surrounded by plots from trials of other transgenic potatoes or three buffer rows of non-transgenic potato (breeding line 2390) to prevent "edge effects" during the trial. Weeding was done by hand and potato plants were subjected to overhead irrigation as required during crop establishment. Rows were mounded once, 4 to 6 weeks after planting.
Soft Rot Assay
After harvest and storage for 6 to 12 weeks at 10 o C, tuber bioassays were performed following Wright et al. [45] . Erwinia carotovora ssp. atroseptica (ICMP 8975 [46] ) was grown overnight at 28 o C in 50 mL of LB medium. The culture was centrifuged at 7000 X g. The LB medium was discarded and the cells resuspended in 100 mL distilled water. For each transgenic potato line, ten tubers of even size (approximately 100 g), were inoculated with the diluted Erwinia culture as follows: a cork borer was used to make a hole 3 mm diameter by 10 mm deep, halfway between the rose and heel ends of the tuber. An aliquot of 50 μL of the diluted Erwinia culture was dispensed into the hole by pipette, and the plug of tuber tissue replaced. The hole was sealed with petroleum jelly. The tubers were placed in plastic containers. Tubers were incubated at 22 o C for 1 week. After incubation, each tuber was weighed, the rotted tissue removed by washing, and the tuber re-weighed after blotting dry with a paper towel. Weights (g) of tubers were recorded before and after rotted tissue was removed. Susceptibility to soft rot was assessed by the amount of tissue lost after rotted tissue was removed.
Statistical Analysis
The data for each soft rot bioassay were analysed separately. The changes in weight of each tuber were analysed with analysis of variance. The data were transformed to a log scale before analysis to make the variance more homogeneous across lines. Analysis used GenStat [47] .
RESULTS
Plant Transformation and Southern Analysis
Transformation of potato leaves with pBINMgD resulted in 26 independently transformed lines, as confirmed by Southern analysis. Southern analysis showed transgene copy number in the lines number ranged from one to seven (Table 1) . 
RT-PCR Analysis
A representative example of products obtained from RT-PCR analysis of selected potato lines is shown in Fig. (2) . A high frequency of expression of RNA was observed, with 25 of the 26 magaininD plant lines expressing the transgene at the RNA level ( Table 1) .
Western Analysis
An example of western analysis including six transgenic lines (MgD1, MgD2, MgD3, MgD4, MgD5 and MgD9) is presented in Fig. (3) . A faint reaction with the antibodies can be seen in the Iwa control (lane 2), but in the next lane (lane 3) which comprised the same Iwa control spiked with (Ala 8, 13, 18)-magainin II amide, a reaction can be seen at a higher molecular weight. Transgenic lines MgD1, MgD5, and MgD9 (lanes 4, 8, and 9, Fig. 3) showed intense bands on the western blot indicating that they express the magainin peptide. Transgenic lines MgD2, MgD3 and MgD4 (lanes 5, 6, and 7, Fig. 3 ) also showed a reaction to the antibodies of the correct size, although the reaction was less intense, especially for the latter two lines. Although the band was no stronger than the smaller peptide in the Iwa control lane, it was of higher molecular weight. Line MgD9 (Lane 9) showed a strong reaction that appeared higher in molecular weight than the other lines. The corresponding lane in Coomassie-stained extracts showed a high amount of protein in the same location, which could be transgene-derived peptide. A summary of the western analysis is given in Table 1 .
Soft Rot Assays on Field Grown Tubers
All transgenic lines exhibiting magainin production from western analysis were established in field trials. Line MgD18 failed to produce tubers of sufficient size and quality and was therefore not included in the soft rot assays. The changes in tuber weight (loss of tissue) resulting from soft rot was evaluated using analysis of variance. In all four bioassays there were significant differences between the lines (p<0.001). Control lines A206 and CR4#2 behaved as expected. Line A206 had the least amount of rotted tissue and was the most resistant of all the lines tested, whereas CR4#2 was highly susceptible, with all tubers inoculated having lost large amounts of tissue due to Erwinia infection. The vector controls, transformed lines with a cry9Aa2 gene rather than the magainin gene, were not significantly different from the non-transgenic Iwa controls. The response of tubers from all the control lines indicates that the bioassay was successful in detecting resistance to soft rot bacteria ( Table 2) .
In all four bioassays, MgD1 had a significantly (p<0.05) reduced loss of tissue due to soft rot than the non-transgenic Iwa control. Similarly, the weight changes for MgD5 and MgD39 were also significantly lower (p<0.05) than Iwa for the latter three bioassays. Although the weight changes for MgD5 and MgD39 were similar in all four soft rot bioassays, they were not statistically lower than Iwa in the first assay. This is probably a consequence of the mean variability (represented by the LSR) being slightly greater in the first bioassay, and the mean loss of tissue due to soft rot in the nontransgenic Iwa being almost half that found in the latter three assays. The loss of tissue due to soft rot was not significantly different from the non-transgenic Iwa control for all the other transgenic lines in all four soft rot bioassays (MgD2, MgD3, MgD4, MgD9). Transgenic lines MgD2 was least consistent between the years, having quite a low weight change in the first assay, but high in the remaining assays.
DISCUSSION
A major goal for plant biotechnology is genetic engineering of disease and insect resistance in crops [48, 49] . The overall goal of this project was to determine whether genetically engineered potato plants harbouring a synthetic antimicrobial magainin gene would have improved resistance to bacterial soft rot disease caused by E. carotovora. Magainin peptides have significant antibacterial activity, and inhibit the in vitro growth of E. carotovora, the cause of soft rot disease in potato [19] . A synthetic gene based on magainin II [15] was therefore engineered. The modifications made to the magainin II peptide [15] included a single point mutation altering the seventh His residue substituted to Arg, which was reported to increase the peptide's stability against protease cleavage [28] . Three Ala substitutions were also included at the eighth, 13th and 18th positions, which when translated increase the helical propensity of the peptide, resulting in increased antimicrobial activity [29] .
Transformation of potato via Agrobacterium-mediated techniques has become routine [38, [50] [51] [52] , and 26 independently transformed magaininD lines were easily generated in this study. Southern analysis was performed on all transgenic plants, and copy number of each line was obtained. RT-PCR determined which lines expressed the transgene at the RNA level. Overall, a high frequency of expression of RNA was observed, with all except one of the lines transcribing the transgene into RNA. The observation that a high frequency of potato lines transgenic for magainin genes driven by the CaMV 35S promoter, were expressing the transgene at the RNA level matches other reports of transgenic RNA expression in potato. For example, Liew [30] reported that northern analysis of potato plants transgenic for atrial natriuretic factor driven by the CaMV 35S promoter had a high frequency of lines exhibiting RNA expression. Similarly, Gatehouse et al. [53] reported via dot-blot analysis that the majority of potato transformants transgenic for snowdrop lectin, bean chitinase, or wheat -amylase genes, all driven by the CaMV 35S promoter, had significant transgene RNA levels. Transgenic plants with enhanced resistance to microbial diseases have been reported in the past 10 years. However, many of these reports do not have information on the detection of the transgene-derived peptide [e.g. 11, 13, 14, 26, 27, 54] . In the absence of protein analysis, it is difficult to attribute the resistance specifically to the expression of the transgene-derived peptide.
The magaininD peptide sequence is four amino acids different from the original magainin II peptide sequence. The antibodies used in our western analyses were raised specifically against the exact magaininD sequence [41] and not magainin II. We were able to assay expression of the magaininD transgene at the protein level with the use of these specific antibodies. Although our western analyses were performed on protein extracts from leaf tissue, others have previously shown that the 35S promoter coupled to theglucuronidase gene resulted in GUS expression in all parts of potato plants including leaves and tubers [55] . We also used the 35S promoter in our construct. Therefore if transgenederived peptide is detected in leaf tissue, it should also be present in other parts of the potato plant.
Western analysis showed that magaininD peptide was detected in five lines (MgD1, MgD5, MgD9, MgD18, and MgD39), and weakly detected in three additional lines (MgD2, MgD3 and MgD4). The positive result in detecting transgene-derived protein indicated that the construction of synthetic magainin coding regions from primers, using potato codon usage (combined with signal sequence, 5' and 3' non-translated regions identical to those used by Sijmons et al., 1990 ) was a successful approach for expressing magainin peptides in transgenic plants.
Transgenic plants must be container-grown under New Zealand guidelines for containment greenhouses. Potato plants grown in pots or bags usually produce tubers with a wide variance within the same line in response to soft rot assays (authors' unpublished results). Additionally, the effects of somaclonal variation, which may result in "off-type" phenotypes, may not always be apparent in plants grown in the relatively stable containment greenhouse conditions [42, 56] . Therefore, it was important to assess tubers grown in field conditions in the soft rot bioassays.
High levels of resistance to soft rot-inducing Erwinia species have been found in Solanum brevidens, a non-tuber forming wild species that cannot be sexually hybridised to cultivated potato. Protoplast fusions between the diploid S. brevidens and tetraploid potato result in a hexaploid somatic hybrid that also shows high levels of resistance to Erwinia bacteria [43] . The degree of methyl esterification of pectin is known to be the cause of the resistance in these somatic hybrids [57] . While the hybrid may provide a suitable method for introgression of resistance to tetraploid potatoes via a long-term breeding programme, these somatic hybrids usually result in very small unusual shaped tubers, and resistance associated with cell wall pectins introgressed into potato may have negative effects on tuber quality. However, this somatic hybrid provided a valuable positive control in the soft rot bioassays.
Three transgenic magaininD lines (MgD1, MgD5, MgD39) gave statistically significant less rot than control Iwa tubers in soft rot tuber bioassays. These three lines also tested positive in western analysis for production of magainin peptides (Fig. 3) . Therefore the improved resistance observed is most likely due to the production of transgenederived magainin peptides acting against E. carotovora ssp. atroseptica.
The resistance observed in the magaininD-transgenic lines was not as great as that observed for the somatic hybrid line A206. The resistance to bacterial infection in somatic hybrids between potato and S. brevidens (e.g. line A206) has been attributed to a higher degree of esterification of pectin [57] . Therefore the enzymes produced by Erwinia species may be ineffective in breaking down the cell walls with a higher degree of esterification of pectin in these somatic hybrid lines [57] . This form of resistance is through a different mechanism than that attempted in this work, of introducing synthetic antimicrobial genes that when expressed produce antimicrobial peptides.
The soft rot bioassay as described in this paper was a very severe test. It is unlikely that tubers grown under normal field conditions would encounter the billions of Erwinia bacteria at one time as in the assay used in this experiment. The expression of the transgene-derived peptide may be successful in preventing Erwinia bacteria from multiplying to the threshold level required to initiate rot. In aerobic conditions this is 10 6 -10 7 cells [58] . Since a soft rot resistance phenotype was observed under these highly stringent conditions, the expression of transgene-derived magainin peptides may be effective in preventing Erwinia from initiating soft rot in tubers under normal field or storage conditions.
Several reasons may account for why other transgenic lines that expressed the magainin peptide showed no significant improvement in resistance to soft rot disease caused by E. carotovora. The effect of the position of the transgene within the potato genome may result in varied levels of expression of the peptide. Transgene expression can be highly variable between different plant lines transformed with the same transgene [e.g. 59]. The transgenic lines MgD1, MgD5 and MgD39 had the highest level of expression of transgenederived peptide as judged by the intensity of bands upon western analysis (Table 1, Fig. 3) . One other transgenic line (MgD9) exhibited a band of similar intensity, but at a larger than expected size (Fig. 3) . This may have represented the peptide signal sequence not cleaving and a failure to export the magainin into the intercellular space. All the other transgenic lines, without improved resistance to soft rot disease, may have had insufficient levels of transgene-derived peptide to effect resistance. The use of alternative promoters may provide higher levels of expression than those seen with the CaMV 35S promoter used to drive the magainin genes described in this work.
The observation of resistance to soft rot in lines MgD1, MgD5 and MgD39 was similar to the results observed by Allefs et al. [9] , who reported that expression of the antimicrobial peptide tachyplesin in potato provided slightly improved resistance to soft rot. Additionally, enhanced resistance to bacterial infection by Erwinia in potato plants transgenic for an antimicrobial cecropin B gene was also reported by Arce et al. [11] .
In summary, the results presented show that the strategy for the design and construction of a synthetic antimicrobial magainin gene was effective in producing plants with improved antimicrobial activity and disease resistance. This represents a novel form of soft rot resistance in potato which may be useful for genetic manipulation in a wide range of plant species.
